In July 2015, 179 grapevine plants belonging to 16 grapevine autochthonous cultivars were assessed for sanitary status using DAS ELISA test for the presence of: Grapevine fanleaf virus (GFLV), Grapevine leafrollassociated virus 1 (GLRaV-1), Grapevine leafroll-associated virus 2 (GLRaV-2) and Grapevine leafroll-associated virus 3 (GLRaV-3). Furthermore, survey for the phytoplasma presence and laboratory analyses using nested-PCR/RFLP assay was conducted at the beginning of September 2015 on grapevine cultivars which were not positive in DAS ELISA test for the presence of the four viruses. Out of 179 tested plants with DAS ELISA test, 146 (81%) were positive for the presence of at least one virus. The most widespread viruses were GFLaV-1 and GFLaV-3 with approximately 80 % of grapevines infected. Nested-PCR/RFLP assay showed that out of 33 tested samples 2 were positive for the presence of phytoplasmas from 16SrXII group. Sanitation of infected grapevine cultivars is needed in near future.
Introduction
So far, 62 different viruses have been identified on grapevines (Martelli, 2015) from which one third are associated with complex-named diseases such as: infectious degeneration and decline, leafroll and rugose wood. Generally, the virus infection on grapevine can negatively influence the yield, sugar content and acidity of the must, berry color, resistance to biotic and abiotic stress, length of growing cycle etc. Moreover virus infection is one of the possible causes of intravarietal morphological variability (Walter and Martelli, 1996; Mannini and Credi, 2000) . Although frequently on virusinfected vines the characteristic symptoms can be observed, there are also many cases of latent infections without many symptoms. Therefore much attention has been paid to the sanitary status of plant material.
In Bosnia and Herzegovina (BiH) neither systematic clonal selection, nor sanitary selection have ever been done. On the other hand there is an enlarged interest of producers and consumers for BiH autochthonous cultivars. Planting of healthy plant material is a base for high quality yield. For that reason our main objective was to improve the quality and sanitary status of BiH autochthonous cultivars starting with screening for the most important grapevine viruses and phytoplasmas in germplasm collection in Trebinje. The grapevine germplasm collection was established in the period from 2009 to 2013 through programme on plant genetic resources of the Republic of Srpska. Genetic Resources Institute of University of Banja Luka is the owner of this collection. The collection is placed in Trebinje (south-east part of the country) in "Petropavlov" monastery and it is constituted of 179 trees belonging to 16 grapevine autochthonous cultivars, among which the most famous are: Žilavka, Bena, Blatina, Kadarun, Surac, Rezaklija, Radovača, Plavka, Dobrogoština, Meginovka, Žlozder and Krkošija.
The main objective of this work is to find out grapevine cultivars in the collection free of the main viruses and phytoplasmas. The virus and phytoplasma free grapevines will be then placed under protective infrastructure with insect proof net and monitored until establishment of the virus and phytoplasma free mother stock.
Material and Methods

Evaluation of the virus presence
At the beginning of July, grapevine collection was surveyed for the presence of virus symptoms and leaves with petioles were sampled from each plant (179) for laboratory analyses. Viruses were detected using ELISA.
Commercial antisera (BIOREBA, Switzerland) against Grapevine fanleaf virus (GFLV), Grapevine leafroll-associatedvirus 1 (GLRaV-1), Grapevine leafroll-associatedvirus 2 (GLRaV-2) and Grapevine leafrollassociated virus3 (GLRaV-3) (EU directive 2005/43/EC) were used in DAS-ELISA method according to instructions of manufacturer. For all testing, the coating antibodies and conjugate antibodies were incubated for 4 h at 30 °C, while samples and controls were incubated overnight at 4°C. Results were read after adding the substrate (p-nitrophenyl-phosphate in 10 % diethanolamine, pH 9.8) to the wells. The incubation time was 30 to 60 min. The presence or the absence of virus was determined by comparing absorbance at 405/492 nm of the samples with that of the threshold value. Absorbance values greater or lower than the threshold were considered, respectively, as positive or negative results. The threshold was determined as two times the mean absorbance value of the negative control.
Evaluation of the phytoplasma presence
At the end of August 2015 all grapevine trees that showed to be negative in ELISA test were additionally examined and sampled for laboratory analyses for phytoplasma presence. Leaf midribs were used for extraction of total DNAs using DNeasy Plant mini kit (QIAGEN) following protocol described in Green et al. (1999) .
Nested PCR/RFLP analyses with phytoplasma universal primers were used for the phytoplasma identification. All reactions were performed 20 µL volume using P1/P7 (Deng and Hiruki 1991; Schneider et al., 1995) and R2/F2n primers in nested PCR (Gundersen and Lee, 1996) (600 nM final concentration). PCR was performed using Taq polymerase (Sigma-Aldrich) and a program consisting of initial denaturation at 94°C for 1 min and 30s followed by 94°C for 1 min, 50°C for 2 min, and 72°C for 3 min repeated for 34 cycles. The protocol terminated with a final extension step at 72°C for 10 min. Nested-PCR products were visualized in by electrophoreses in 1% agarose gel.
All nested-PCR products, which showed positive reactions for phytoplasma infection, were submitted to the RFLP analyses with MseI and Taq restriction enzymes. RFLP digestions were ran and visualized in 3% agarose gel electrophoreses.
Results and Discussion
Results evaluation of the virus presence During field survey for the virus presence the most frequent symptoms observed on grapevines in collections were exhibited virus symptoms such as mosaic, chlorosis, leaf bubbling, leaf deformations, vein clearing, leaf yellowing or reddening and leaf rolling (Fig. 1a, b, c, d, e) .
Results obtained performing DAS ELISA test indicate a rather high level of grapevine virus infection in the grapevine germplasm collection, where out of 179 tested grapevine plants 146 (82%) were virus infected. The highest level of infection was with grapevine viruses that cause leafroll disease (GLRaV-1 and GLRaV-3), which generally seem to be the most represented viruses in grapevine (Gugerli, 2003; Maixner, 2005; Martelli, 2016) . GLRaV-3 prevailed where 46% (83/179) of tested grapevines were positive for the virus presence. These data tally with the notion that GLRaV-3 is more common in the Mediterranean (Ahmed et al., 2004; Cabaleiro and Segura, 2006) and GLRaV-1 in the northern viticultural regions of the world (Credi and Giunchedi, 1996; Kominek et al., 2003) . GLRaV-2 was found only in 3 out of 179 (1.7%) grapevines. However infection with GLRaV-1 was found also in high percentage 82/179 (45%).
The principal means of dissemination of GLRaV-1 and GLRaV-3 in some Mediterranean and overseas countries is through infected plant material with several insect vectors from families Pseudococcidae and Coccidae which are quite ubiquitous (Cabaleiro and Segura, 1997; Krüger et al., 2006; Almeida et al., 2013) . On the other hand the low percentage of infected plants with GLRaV-2 can be due to the fact that for this virus there is no insect vector and it is only transmitted through plant propagation material (Meng et al., 2005) . Obtained results were not unexpected because causal agents of leafroll disease complex have been laboratory ascertained on several autochthones cultivars in Herzegovina region (Delić et al., 2005; Karačić et al., 2014) .
The incidence of nepoviruses GFLV was significantly lower since out of 179 tested grapevines, 16 (9%) were positive. It is worth mentioning that soil analyses showed that there were no vector nematodes in the collection.
Multiple infections with two or more viruses were also common. The most common combination was infection with GLRaV-1 and GLRaV-3, which is the case in 12 % of all grapevines tested (Table 1) . Also, there were plants infected with three viruses. Similar situation with the virus infection was also observed during evaluation of the sanitary status of Croatian autohtones grapevine in Dalmatia (Karoglan Kontić et al., 2009) .
All 33 plants were found to be negative for the presence of four tested viruses with DAS ELISA test. Generally Žilavka, Kadarun and Radovača were the grapevines with the highest level of infection with the tested viruses.
Tab. 1. Incidence of grapevine cultivars infection with different viruses and virus combinations (total tree number) Учесталост заразе сорти винове лозе са различитим вирусима и њивовим комбинацијама (укупан број садница)
Cultivar Сорта g r a p e v i n e s i n f e c t e d w i t h / в и н о в а л о з а з а р а ж е н а с а
GLRaV-1 GLRaV-2 GLRaV-3 GFLV GLRaV-1 + GLRaV-2
GLRaV-1 + GLRaV-3
GLRaV-2 + GLRaV-3
GLRaV-1 + GFLV GLRaV-3 + GFLV GLRaV-1 + GLRaV-3 + GFLV Results evaluation of the phytoplasma presence During the survey for the phytoplasma presence, plants that were negative for infection with four viruses in DAS ELISA test were additionally examined for the presence of phytoplasma symptoms. On some black grapevine varieties symptoms such as leafrolling and partial vein reddening were noticed (Fig. 2) .
Fig. 2. Phytoplasma-like symptoms observed Примећени симптоми налик зарази фитоплазмама
Nested-PCR assays showed that out of 33 tested grapevines from the collection of two plants (Kadarun and Bena cultivars) were positive for phytoplasma infection. RFLP analyses showed that phytoplasma from 16SrXII group was the causal agent. So far phytoplasmas from 16SrXII group were the only phytoplasmas found to cause grapevine yellowing diseases in Bosnia and Herzegovina (Delić et al., 2011a,b) .
In autumn 2015, 31 grapevine trees belonging to 11 autochtones cultivars which were free from tested viruses and phytoplasmas were restored to the Institute for the Genetic Resources in Banjaluka under insect-proof protective structures. For that purpose plants were replanted in 50 L containers in substrate tested and found free of the presence of nematodes of the Xiphinema genus. In spring 2016, these plants were registered for certification program as future mother stocks.
Conclusion
In this survey cultivars with different population size and economical importance have been investigated. Nevertheless, the results show that enough healthy grapevines can be found as basis for the further clonal selection procedure. Moreover, all ecotypes of Rezaklija cv. were found to be free of the tested viruses and phytoplasmas so it could also be an interesting clone for the breeding studies. Considering our findings, the situation is very serious, thus it is necessary to undertake sanitation combining thermotherapy and tissue culture of the cultivars and monitor them under necessary infrastructure for conservation of virus and phytoplasma free mother stocks.
Санитарни статус колекције винове лозе у Републици Српској 
